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Dear Jim:


I have just been informed by Paul Galvani, counsel for Aerovox, that I

should turn over to EPA several classes of documents relating to the analyti

cal work that we did on Acushnet River sediments back in 1986, and that you

could serve as the official EPA recipient of this material. The documentation

requested consisted of essentially all available information relating to:


1. Sampling procedures and chain-of-custody proofs


2. Analytical protocols used


3. All analytical data


4. Computer tapes of data.


As you may recall, on November 21, 1988 I sent you a voluminous data

package, which included both computer print-outs and gas chromatograms of all

24 samples that we analysed, along with a map showing the points of origin of

the specimens analysed, GM-MS data, and tables that compiled and summarized

our analytical results; in short, all of the available information pertinent

to requests (3) and (4). In this letter I include all the data I have regard

ing requests (1) and (2). Regarding the latter, I could further point out

that our procedures have also been described in two of our published papers

(Northeast. Environ. Sci., 3:167-179, 1984; Environ. Toxicol. Chem., 6:579-

593, 1987). At any event, you are now in possession of all the requested

documentation, which I suppose you will have to keep on file until one of your

legal colleagues asks for it.


To move from legalism to science, we have been continuing to examine the

chromatograms of both biota and sediments from various sites, and continuing

to turn up new PCB alteration patterns now and then. At the moment, it looks

as though the Pattern H and H' dechlorination, which we found in the upper

Achushnet Estuary, may also be occurring at a great many (though not all)

sites in the Hudson Estuary, all the way from Troy to the Battery. Fragmen

tary data suggests that Newark Bay may be a different story, however, as may

also be Long Island Sound, and I'd still be interested in any of your samples

or chromatograms that indicated what was going on off the rest of the New Eng

land Coast.


We have also been able to duplicate a dechlorination that looks very much

like Pattern H' in culture, using an anaerobic microbial growth procedure
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slightly different from the one John Quensen used to bring up a dechlorination

similar to upper Hudson sediment Pattern C. I suspect that someone from our

group may be talking about this at our semi-annual Region 1 seminar in Boston

(actually, the Cambridge Marriott this time, I think) on February 9. Unfor

tunately, I won't be able to be there myself, owing to long-standing arrange

ments for cross-country skiing in Glacier National Park that week, but my col

leagues will be able to convey messages or samples.


Sincerely yours,


(B.

John F. Brown, Jr.

Manager-Health Research

Biological Sciences Laboratory


JFB/j


Encl.


cc: HL Finkbeiner

PB Galvani




ACUSHNET SEDIMENT SAMPLING FOR GE ANALYSES


Documentation Package


History of GE work on Acushnet Estuary Sediments (i.e. Site and Sample Selec

tion)


1. May, 1986. Examined collection of old gas chromatograms run by Versar

in 1982-83. Found evidence of widespread but limited dechlorination.


2. May 26, 1986, Telephoned finding to Stu Richardson of Aerovox. Indi

cated need for new samples for high resolution capillary GC to charac

terize transformation. He suggested I talk to Paul Galvani, his attor

ney.


3. I agreed to undertake capillary GC analyses on 24 specimens--taken at

two levels (2-3" and 6-7") from each of 12 sites - - 6 on each side of

estuary. Samples were to be collected by GHR Analytical by walking out

on mud flats at low tide, digging a hole, and taking sediments at desig

nated depths.


4. June 9, 1986 GHR sent GE samples from 26 sites (received 6-10-86). JF

Brown selected 12 pairs for detailed PCB analysis and submitted them to

RE Wagner (analyst) for analysis for procedure in use in laboratory.


Documentation in Package


a. Chain-of-custody forms for samples.


b. Maps showing GHR sampling locations.


c. JF Brown's record of sample examination and selection for analysis.


d. GHR report on oil and grease analyses on sediments.


e. GHR certification.


John F. Brown, Jr.

(1-20-89)


JFB/j




It ••»« Ai.' • w.nnfriAra.t 

GHR Analytical Inc. CHAIN OF CUSTODY RECORD j 
26 Main St.: Lakeville._MA 

ROJECT NO.: WORK PLAN NO.: SITE NAME: 

AMPLERS NO. 
OF 

CON REMARKS 
TAINERS 

TATI 
NO DATE TIME ICOMP.I GRAB STATION LOCATION 

4, 'IV flt-m 
133 7 " 

ftR. " 
sun /Voo 

7 
I/ 3 " 

7 

W\HI7 Zl 

<?~7<3 7 
RELjNQUISHED BY^SIG^TURE): DATE/TIME: | RECEIVEP By (SIGNATURE); DATE/TIME: RECEIVED BY (SIGNATURE): 

REI/N/1UISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY (SIGNATURE): REUNQUISHED BY (SIGNATURE): 
y/y*] 

DATE/ TIME: RECEIVED BY (SIGNATURE): 

REUNQUISHEO BY (SIGNATURE): DATE/TIME: {RECEIVED FOR LABORATORY BY DATE/TIME: REMARKS: 
{$00 

Diiiriounon Onoinn *cco<no*ni«« smomcnt coov 10 ccxxointiw 11*10 lues 



GHR Analytical Inc. CHAIN OF CUSTODY RECORD J 
26 Main St.: Lakevllle. MA




GHR Analytical Inc. CHAIN OF CUSTODY RECORD J 
26 Main St.. Lakevtlle. MA • i 

ROJECT NO.: WORK PLAN NO.: SITE NAME: *-\Tf**T fKJ^Jbft&f 

,AMP<A TUREh ~ // 

7 O '/Jad/ 
NO. 
OF 

CON
AINERS 

REMARKS 

TIME (COMP.I GRAB I STATION LOCATION 

V/ 

**$? - XTA 7 " 

Z 
3 " 

RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY (SIGNATURE): 

F;oo II 
'DATE/TIME: RECEIVED BY (SIGNATURE) R6UNQUISHED BY(SIGNATURE): DATE/TIME:} RECEIVED BY (SIGNATURE): 

RELINQUISHED 8V (SIGNATURE): DATE/TIME: (RECEIVED FORFOR LABQRATORY BY DATE/TIME: (REMARKS:LABORAT 
i IISIGNATURI

E,̂ !:£ 



' .*••*»• 

GHR Analytical Inc. CM4//V Of CUSTODY RECORD 
26 Main St.; Lakeville. MA


ROJECT NO.: WORK PLAN NO.: SITE NAME: 

NO. 
AMPLERS ISIGNATURE/ OF 

CON- REMARKS 
AINERS 

T A i O  N DATE TIME ICOMP.I GRAB STATION LOCATION 

Kbo 
I/1 <l • ' 

*/«& /£ i/ 

™1 

I/* 
1 

V A 3 " " 

I/ " 
iJHJ* 7 

7 * 

I/ 2. 
RELINQUISHED BY (SIGNATURE): DATE/TIM;ySSKE D BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY (SIGNATURE) 

•j -» 7. 
REtflblQUISHED BY (SIGNATURE) DATE/TIME: RECEIVED BY (SIGNATURE): REUNQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY (SIGNATURE): 

^ <*/>»/r<\ 
REUNQUISHED BY (SIGNATURE): DATE/TIME: IRECEIVED FOR LABORATORY BY DATE/TIME: REMARKS: 

i 1' 
Oitinounon Oxjinii »ccomo»ni«« imomvni coov to cooramnor "«>a '»•« 



GHR Analytical Inc. CHAM OF CUSTODY RECORDJ 
26 Main St.! Lakevllle. MA


ROJECT NO.: WORK PLAN NO.: SITE NAME: 

NO. AMPLERS (SIGNATURE): OF 
CON

AINERS 

TIME COMP. GRAB STATION LOCATION NO 

RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY (SIGNATURE) RELINQUISHED BY (SIGNATURE) ATUR DATE/TIME: RECEIVED BY (SIGNATURE): 
"&A I 

RELINQUISHED IBY (SIGNATURE) T*7 DATE/TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY (SIGNATURE): 

REUNOUISHED BY (SIGNATURE): DATE/TIME: (RECEIVED FOR LABORATORY BY DATE/TIME: REMARKS: 

1 /¥«<> 
Oittriouiion Oriomai •ccomo»'"«« »niom«n| eoov 10 cooromtior H«M lint 

MS I/ /?/>-<?Y ft 

nto I 

s 



tmr

r J *p ^iyjj^^MitWflJflfffii/fcMCyJLj 

t<-

•« 

^> 

§ 

A 
^

/ NORTH FAIRHAVEN 

fe W »> 

/7 r^*a si i «* 
f* 

HVftSiOf 

3KJ 

F^ 



NORTH PAIRHAVEH




/•b 

r 
V x- * 

X
c 

7 / 
r a ^ 

6» 1 
7 

J 
i o v j 

r r* 
7A 

12. 

7 '*-*> 
r 

\ v S 
^ !,__ 

/rrr 
f\ 

52

Si 

'78 



r ;9 ^ 

. -* 7 \ 
Vf" 7 ^ 

^
^ r 9-1 y 

V 

X 
7-*, 

», 

, V 

/r 

4) 
On. (,* . /f_ 

4

lU 

* 

Jh ^ S 

>>«d 

A 



1

2

3

4

5

Page 1 of 3


6HR ANALYTICAL, INC.

26 MAIN STREET


LAKEVILLE, MA 02347

(617)947-5877


RESULTS OF SEDIMENT ANALYSIS

Acushnet River Estuary


Date Collected: June 6, 1986


Cl lent : General Electric Job No. : 29-272

Project :Oil & Grease Analyses Date: June 17, 1386


Oil & Grease

Barngle L<Dcation Depth GHR Lab ID


AR-1A 3" 56114 1, 040


AR-1B 7" 56115 780


AR-2A 3" 56116 1, 570


AR-2B 7" 56117 2,050


AR-3A 3" 56118 1,700


AR-3B 7" 56119 2,430


AR-4A 3" 56120 2,630


AR-4B 7" 56121 980


AR-5A 3" 56122 12, 800


AR-5B 7" 56123 34, 500


AR-6A 3" 56124 78, 000


AR-6B 7" 56125 172,000


AR-7A 3" 56126 19, 300


AR-7B 7" 56127 6, 100


AR-8A 3" 56128 3,590


AR-8B 7" 56129 1,220


AR-9A 3" 56130 26, 700


AR-9B 7" 5613 22, 900


AR-10A 3" 5613 1 , 260


AR-10B 7" 5613 421


926 L
AR-11A 3" 5613 ~̂  ̂ 


AR-11B 7" 5613 261
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GHR ANALYTICAL, INC.

£6 MAIN STREET


LAKEVILLE, MA 02347

(617)947-5077


RESULTS OF SEDIMENT ANALYSIS


ftcushnet River Estuary

Date Collected: June 6, 1986


Client: General Electric Job No: £9-272 
Project: Oil & Grease Analyses Date: June 17, 1986 

Oil & Grease 
Degth GHR Lab ID rng/kfl !drv._wejight_basi_s)_ 

AR-12A 3" 56136 8, 730


AR-12B 7" 56137 6,070


AR-13A 3" 56138 10,900


AR-13B 7" 56139 4,840


AR-14A 3" 56140 3,840


AR-14B 7" 56141 3, 390


AR-15A 3" 56142 2,680


AR-15B 7" 56143 2, 990


AR-16A 3" 56144 16, 300


AR-16B 7" 56145 21,600


AR-17A 3" 56146 46, 300


AR-17B 7" 56147 40, 300
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6HR ONflLYTICftL, INC. 
26 MftIN STREET 

LOKEVILLE, Mft 02347 
(617) 947-5077 

RESULTS OF SEDIMENT ftNOLYSIS


ficushnet River Estuary

Date Collected: June 10, 1986


Client: General Electric Job No. : £9-297

Project: Oil & Grease Analyses Date: June 17, 1986


Oil & Grease

Sanig_le_Locatign Deeth GHR_Lab_lDj mg/kg


flR-18A 3" 56£4£ £0, 700


PIR-18B 7" 56£43 7,040


flR-19ft 3" 56244 20, 000


OR-19B 7" 56245 28, 400


flR-20fl 3" 56246 5,290


AR-20B 7" 56247 306


fiR-£lft 3" 56£48 11, 100


OR-21B 7" 56249 1,440


OR-22A 3" 56250 5,390


OR-22B 7" 56251 8, 110


AR-£3fi 3" 56252 1,700


OR-23B 7" 56253 794


flR-24ft 3" 56256 <150


OR-24B 7" 56257 <150


ftR-25fi 3" 56254 968


OR-25B 7" 56255 484


ftR-26ft 3" 56260 <440


flR-£6B 7" 56261 <370




BHR ANALYTICAL INC.

26 MAIN STREET


LAKEVILLE, MA 02347

(617) 947-5077


The information contained in this report is to the best of my


knowledge, accurate and complete.


Leanne E.S. Cobb, Laboratory Manager

GHR Analytical Inc.
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Organization Chart 

Operation Manager 

Dr. E. Lifshin 

Unit Manager 

Dr. E. Williams 

Supervisor 

Dr. J. Caraahan 

PCB QA/QC Director PCB Quant Lab 

R. Wagner R. Wagner 
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Quality Assurance and Quality Control 

Sample Chain Of Custody 

Samples entering the Lab are directed to the chemist who is in charge of the particular analysis 
requested. All samples are recorded into a sample notebook and assigned a sample ID number. A 
sample information sheet corresponding to the sample notebook number is filled in with all the 
necessary sample information. A peel off label with the sample ID number is attached to the vial 
containing the sample and the sample is then stored under appropriate conditions. 

Calibration 

Before every group of PCB analyses a Standard Aroclor is analyzed on the GC to check the 
calibration accuracy. If we find the Aroclor standard varies more than ± 10% from true value, the 
instrument is calibrated and a standard is once again checked before samples are analyzed. 

Aroclor Standard Reference 

Aroclor standards were obtained from the CR&D stockroom, supplied by Monsanto Co. for 
GE's research programs. These bulk neat standards have been checked against NBS certified Aroclor 
in Oil standards as well as the Water Pollution QC samples supplied by EMSL, Quality Assurance 
Branch, USEPA, Cinn., OH. Our in-house standards agree very well with the two certified check 
samples. 

Sample Precision and Accuracy 

Accuracy of the instrumentation is tested by running standards to check on calibration quality. 
Testing extraction and clean up procedures were done when they were being developed to insure no 
sample loss at each step. If any changes occur in sampling methodology, it is checked with proc
essing standards to insure sample integrity is being maintained. Precision of the analytical instru
mentation is tested by occasionally running samples twice. Duplicate agreement must be maintained 
to ± 10%. Testing procedures were initially examined using standardized materials and run sepa
rately to insure reproducibility and therefore good precision. 



Blanks 

Solvent wash vials are added at the end of a group of samples. This allows us to clean the 
sampling system and also to check for baseline deviations or matrix effects and spurious peaks. 

Data Reduction and Reporting 

Refer to the PCB protocol manual for examples of GC data reporting. Data is collected by 
digitizing an analog detector signal and electronically integrating the area under a peak. Most in
strument companies have available integrators that match their GC instrumentation and all GC in
tegration is done automatically. Final result calculations can be programmed into the integrator and 
directly report sample amounts in the appropriate units (ug/g, ug/ml, ppm, etc.) 

Instrument Conditions 

See PCB Protocol Manual 

Sample Preparation 

See PCB Protocol Manual 

Instrument Maintenance 

The GC is maintained usually by the chemist who is utilizing the instrument, since he is most 
familiar with its status. Gas tanks are inspected and changed as needed. Injection port septa are 
changed after 50-60 injections. Noise level of the GC detector is monitored and the detector replaced 
once it become excessive. GC columns are replaced as needed, either if they become badly con
taminated or have reached their lifetime and no longer perform the separation properly. 
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PCB PROTOCOL


INTRODUCTION


This protocol details the analysis of polychlorinated


biphenyls (PCB's). The analytical procedure can be divided


into three sections:


I.Sample collection, preparation, and extraction: this


section describes how to collect samples, preliminary


sample preparation, and extraction of PCB's from the


following sample matrices- soil and sediments, water,


fish and other biological samples, oil, and air.


II.Sample cleanup: this section describes the steps


necessary to remove any materials co-extracted with the


PCB's that may interfere with the subsequent analysis.


III.Analysis: this section describes both the qualitative


and quantitative analysis of PCB's by either packed or


capillary column gas chromatography.


In addition, there are general guidelines which are followed


for all sample types. These involve the types of materials


which may contact the samples, how to clean glassware, and


the quality of chemicals and solvents which must be used in


the procedure.
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PCB PROTOCOL


l.fi GENERAL PROCEDURES


1.1 Glassware


To prevent interference in the analysis of trace


substances, all glassware must be washed thoroughly


prior to use. Specialty glassware is washed with soap


and water and thoroughly rinsed with water. Next, it


is rinsed with acetone, followed by hexane. Stockroom


glassware is visually inspected for cleanliness. As an


additional precaution/ each piece of clean glassware is


rinsed with hexane immediately prior to use.


1.2 Chemicals


All chemicals and solvents must be ACS reagent grade or


better.


1.3 Other materials


No equipment containing plastic may be used. Plastic


materials (such as Tygon tubing) give off phthalate


esters, which interfere with PCB analysis and are


difficult to remove. Only materials made from glass,


teflon, or stainless steel may contact the sample


during the procedure. All utensils must be pre-rinsed


with hexane. All containers must be glass and have a


teflon or foil-lined lid. All tubing used during such


steps as solvent evaporation or vacuum drying must be


either teflon or stainless steel.
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PCB PROTOCOL 

2.0. SAMPLE COLLECTION. PREPARATION. AND EXTRACTION 

2.1 Soil and Sediments


2.1.1 Sample collection


Soil and sediment should be collected in a wide-mouthed


one quart screw-capped glass jar. The jar should be


filled nearly to the topr using a pre-rinsed stainless


steel utensil. If the sample is sediment, it should be


"topped off" with sample water. The sample should be


extracted as soon as possible; until extraction it


should be stored at 4 degrees C.


2.1.2 Sample preparation


The whole sample(if practical) or a representative


portion is spread out in a pyrex dish and allowed to


air-dry for 24 hours in a hood. The sample is then


sieved through a wire mesh screen to remove twigs and


stones, and thoroughly mixed. An aliquot is placed in


a small tared metal pan and dried overnight at 105


degrees C in a vacuum dessicator oven for dry weight


determination. A separate aliquot(commonly 20-30g) is


taken for extraction.


2.1.3 Extraction


Soil and sediment samples are extracted in a soxhlet


apparatus. The standard-sized round-bottomed flask


used is 250 ml and the standard thimble is a Whatman


cellulose thimble with the dimensions 33 mm I.D. by 94


mm external length. The complete apparatus,including


thimble and glass wool plug, is pre-extracted with


hexane for several cycles(approximately 1 hr), allowed
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PCB PROTOCOL


to cool and the thimble allowed to air-dry. The sample


is weighed into the tared thimble and the glass wool


plug is inserted on top of the sample. A pre-extracted


boiling stone is added to the boiling flask. The soil


is then extracted overnight with 175 ml of a 1:1


mixture of hexaneracetone, and the apparatus is allowed


to cool. All solvent is drained from the soxhlet into


the round-bottomed flask.


2.2 Aqueous samples


2.2.1 Sample collection


Water samples are collected and stored in a manner


similar to that for the collection of soil and


sediment/ as explained in Section 2.1.1.


2.2.2 Sample preparation


The aqueous sample is thoroughly shaken to evenly


suspend any solids. If it is desirable to remove


solids, the water is filtered through pre-extracted


filter paper. Since aqueous solubility of PCB's is


extremely low/ a minimum water sample of 100 ml is


desirable.


2.2.3 Extraction


Pour a known volume of aqueous sample into an


appropriately sized glass bottle. Rinse the graduated


cylinder used to measure the sample volume with 20 ml


of a 15% methylene chloride in hexane solution(per 100


ml of sample) and add it to the glass bottle containing


the sample. Cap the bottle, manually shake it and vent


the vapor pressure as necessary, and place it on a
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PCB PROTOCOL


mechanical shaker for 20 minutes.


Allow the layers to separate. If an emulsion forms,


add some sodium chloride and mix by inverting the


bottle 2-3 times. If this does not separate the


layers,the sample may be sonicated for several minutes.


Withdraw the upper organic layer with a 10 ml pipet and


transfer it to a 100 ml glass bottle. Re-extract the


aqueous layer 2 more times as described; combine the 

organic layers. 

2.3 Biological samples 

2.3.1 Sample collection 

The fish or other samples are collected, individually 

wrapped in hexane-rinsed aluminum foil, and frozen


until subsections can be taken.


2.3.2 Sample preparation


Prior to subsectioning each sample is thawed and


weighed. The sample is subsectioned as desired and a


minimum of 20 grams wet weight is used for the


analysis(if possible). The sample is scissor-minced as


finely as possible and suspended in approximately 50 ml


of water in a 150 ml beaker. The sample is homogenized


with a Brinkman Instruments Polytron. The Polytron


probe is pre-rinsed by submerging it in hexane and


turning the Polytron on. Homogenize at a low to medium


setting(be careful not to splash) until the sample is


a uniform consistency. The probe must be frequently


cleared of connective tissue buildup during this


process for efficient homogenization. To accomplish
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PCB PROTOCOL


this, turn off the instrument and use forceps to remove


lumps of connective tissue from the probe tip. These


may be minced and returned to the sample beaker.


The homogenate is next ground with anhydrous magnesium


sulfate to further disintigrate the sample and to


combine with the water that is present. This is


accomplished in the following manner: transfer the


homogenate to a glass mortar, using small quantities of


water to rinse the beaker if necessary. Weigh


magnesium sulfate in the ratio of 3.2 grams of


magnesium sulfate per gram of wet tissue weight. Add


the magnesium sulfate, in small portions, to the


homogenate, using a glass pestle to mix it in and grind


up any lumps. Transfer the resulting wet granular


mixture to a glass petri dish and spread it out to dry.


As the mixture dries, transfer it back into the mortar,


small portions at a time, and grind thoroughly until a


fine, free-flowing powder is obtained.


2.3.3 Extraction


Pre-extract the soxhlet apparatus as described in


Section 2.1.3, using a thimble of dimensions 43 mm I.D.


by 123 mm external length and a 500 ml round bottomed


flask. Soxhlet-extract the sample as described in


Section 2.1.3, using 350 ml of 1:1 hexane:acetone.


2.4 Oil


A Florisil Sep-Pak is pre-eluted with 10 ml hexane and


dried by pulling a vacuum through it. The Sep-Pak is


placed in a 4 dram vial and tared. The oil is
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PCB PROTOCOL


thoroughly mixed and 200 mg is weighed directly into


the Sep-Pak using a syringe. The Sep-Pak is then


attached to a 10 ml glass syringe and the PCB's are


eluted with hexane directly into a 10 ml volumetric


flask. At this point the oil sample should be ready


for GC analysis. If the extract is not colorless, a


sulfuric acid wash may be necessary (see Section 3.4).


2.5 Air


2.5.1 Sample collection


Air samples are collected using a calibrated air


sampling pump(6endix Environmental and Process


Instruments Division) equipped with a Florisil trapping


tube(SKC Inc.,Pa.fCat t 226-39). The pump is placed


near a contamination source , turned on, and allowed to


run for 24 hours(note actual collection time). The


packing in the trapping tube is divided into 2


sections. The glass tube is broken and these 2


sections are poured into 2 dram vials and extracted


separately in order to determine whether there is PCB


breakthrough, which indicates sample overload.


2.5.2 Extraction


The Florisil fractions are shake-extracted 3 times for


20 minutes each time with small aliquots(approximately


1-2 ml) of hexane. The Florisil is allowed to settle


after each extraction and the hexane is transferred to


a 2 dram vial with a pasteur pipet. The combined


hexane extracts are reduced in volume using a Pierce


Reacti-therm Module(as described in Section 3.2) to 1.0
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PCB PROTOCOL


ml for analysis.
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PCB PROTOCOL


l.H SAMPLE CLEANUP


3.1 Sodium sulfate drying


Add a sufficient quantity of anhydrous sodium sulfate


to the crude extract such that the crystals are


free-flowing. Pour a 10 cm column of sodium sulfate in


a glass chromatography column,2.5 cm I.D., equipped


with a teflon stopcock. Wash the sodium sulfate with


at least one bed volume of hexane. Pour the crude


extract through the column(a funnel helps to load the


column} and collect the eluate in an appropriately


sized glass bottle. Rinse the sample flask, the


funnel, the column walls and the sodium sulfate 3 times


with small volumes of hexane and add the washings to 

the extract. 

3.2 Reduction of sample volume 

The sample volume is reduced to approximately 5 ml on 

a steam bath, using a Kuderna-danish equipped with a


3-ball Snyder column and a 10 ml concentrator tube. A


pre-extracted boiling stone is added to prevent


bumping. The extract is placed in the assembled


apparatus, the sample bottle is rinsed 3 times with


hexane, and the washings added to the apparatus. After


the inner walls of the Kuderna-danish are rinsed down,


the Snyder column is put in place, and a small volume


of hexane is added at the top. The apparatus is placed


in a steam bath and the solvent is evaporated. Take


care to control the boiling intensity; solvent should


not splash up high on the inner walls of the apparatus.
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PCB PROTOCOL


If a large volume must be reduced, add the extract in


aliquots of approximately 200 ml, cooling before each


addition, and adding a fresh boiling stone.


When the total extract volume is approximately 5 ml,


allow the apparatus to cool. The extract is


quantitatively transferred to a 4 dram vial to complete


the solvent evaporation.This is done as follows:


remove the Snyder column from the top of the apparatus.


Carefully dry the joint connecting the concentrator


tube and the Kuderna-danish so that condensation does


not drip into the extract. Separate the pieces and


transfer the extract to the vial using a pasteur pipet.


Reconnect the pieces and wash the inside walls of the


Kuderna-danish with a small volume of


hexane(approximately 2-3 ml). Add the washings to the


extract and repeat the rinsing process 2 more times.


The remainder of the solvent is evaporated under a


stream of Femtogas nitrogen, using low heat(low setting


3.5 on Pierce Reacti-therm Module). Twenty-five


microliters of hexadecane is added to prevent


evaporative loss of lower chlorinated PCB isomers.


When the sample reaches dryness, remove it from the


heat source and reconstitute it in approximately 2-3 ml


hexane. If there is a large amount of viscous or


dark-colored residue a sulfuric acid wash may be


necessary at this point(see Section 3.4). If not,


Florisil chromatography is the next step.
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3.3 Florisil chromatography 

This procedure should result in a clear/ colorless


extract. The extract is passed through a Florisil


Sep-Pak attached to a glass syringe and collected in a


10 ml volumetric flask. Pre-elution of the Sep-Pak


with 10 ml hexane is advisable. The 4 dram vialf then


the inner walls of the syringe are rinsed 3 times with


hexane and the washings are passed through the Sep-Pak.


The sample is adjusted to final volume with hexane and


transferred to a screw-capped vial for storage. At


this point the sample is ready for GC analysis. If the


chromatogram shows the presence of sulfur or other


extraneous peaks, a copper treatment for sulfur removal


or a concentrated sulfuric acid wash for hydrocarbon


removal may be necessary. 

3.4 Sulfuric acid wash 

The sulfuric acid wash destroys hydrocarbons and 

colored biogenic compounds which appear as 

early-eluting peaks on the chromatogram. (If the 

presence of surfactants or alkali are suspected, water


wash the extract before the sulfuric acid wash. The


water wash procedure is identical to the acid wash. Do


not dry the resulting hexane solution with sodium


sulfate before the acid wash, and reduce the volume to


approximately 5 ml.) Add an equal volume of


concentrated sulfuric acid to the hexane in a 4 dram


vial. The contents are mixed by inverting the vial


several times (vigorous shaking can cause emulsions)
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and the layers are allowed to separate. If an emulsion


forms, sonicate the vial for several minutes. Do not


add sodium chloride!


Remove the top hexane layer and wash the sulfuric acid


layer two times with approximately 2 ml hexane.


Combine all hexane solutions. Add a small amount of


sodium sulfate to dry the extract, reduce the volume


using the Reacti-therm module to 2-3 ml and pass the


extract through a Florisil Sep-Pak as before.


f3.5 Copper treatment)"^


This treatment removes sulfur compounds which may be


found, especially in soil and sediment. The presence


of sulfur is indicated as a large, early-eluting lump


in the baseline or as a large, offscale peak. The


hexane extract is stirred with 0.5 grams of activated


copper for 30 minutes. (copper activation: wash with


200 ml of 0.01M nitric acid, followed by successive 200


ml rinses of distilled water, acetone, and


hexane. Air-dry the powder, which should be bright


red-orange and store in a screw-capped vial. Powder


should be used within 48 hr) The copper is allowed to


settle and the hexane is removed. The vial and copper


are rinsed 3 times with small amounts of hexane; the


hexane solutions are combined. The solution is reduced 

in volume on the Reacti-therm and passed through a 

Florisil Sep-Pak. 

UV4. 
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A.fi ANALYSIS


PCB's can be analyzed by either packed or capillary


column GC, depending on the type of analysis required.


Packed column analysis is routinely used to determine


total PCB content for single Aroclors and mixtures.


The weight percent of each peak in the chromatogram of


single Aroclors has been determined by Webb and McCall


(J. Chrom. Sci.,11,366(1973) ). . I n addition, a


program has been developed which calculates the total


PCB's present, from monochloro- to octachlorobiphenyl,


using a mixture of Aroclors 1242 and 1260, which spans


the whole range of isomers present in Aroclors


1242,1248,1254, and 1260. For any mixture of 1242,


1254, and 1260 this program can also calculate the


approximate percent composition, based on a peak ratio


technique.


However, the isomer resolution afforded by packed


column analysis is not sufficient to perform single


isomer quantitation, the Aroclor composition of complex


mixtures, or the relative percent contribution of each


Aroclor when those percents are very different.


Capillary GC is the preferred analysis when this type


of information is required.


4.1 Packed column analysis


The instrument used for packed column analysis is a


Hewlett Packard 5880 equipped with Autosampler model


7672A. The GC conditions are as follows:
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Column=mixed silica, 1.5% SP2250 and 1.95% SP2401 on


Supelcoport, 6 ft. by 0.25 in. O.D. glass


Oven temperature profile


equilibration time=1.0 min.


initial value=150 C


initial time=0.0 min.


level 1


program rate=2.0 C/min.


final value=210 C


final time=30.0 min


post value^lSO C


nickel ECD detector temperature-300 C, signal B


injector temperature=300 C


injection volume=l microliter


carrier gas


type=5% methane in argon


flow=60 ml/min.


chart speed-0.5 cm/min.


offset=10


attenuation=8


threshold-2


peak width=0.15


The sample is visually inspected for Aroclor type and


the presence of interferences. Samples are then


quantitated by comparing the chroraatogram to that of a


known Aroclorf using a multi-level external standard


calibration based on peak height and covering the range


of 0.1 to 10.0 PPM. Sample tracings of 10 PPM
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standards of Aroclors 1242, 1254, and 1260 are shown in


Figures 1, 2, and 3. Figure 4 shows a sample output of


the type of information given in the program which


calculates the total PCB content and relative percent


composition.


4.2 Capillary column analysis


The instrument used for capillary column analysis is a


Varian 4600 equipped with Autosampler model 8000 and a


Vista 401 data system. The GC conditions are as


follows:


column=DB-l fused silica(J and W), 30 m.


oven temperature profile


initial value=40 C


initial time=2.0 min.


level 1


program rate=10.0 C/min.


final value-80 C


final time=0.0 min.


level 2


program rate=6.0 C/min.


final value=225 C


final time=10.0 min.


nickel BCD detector temperature=300 C, signal A


range=10


make-up gas-nitrogen


injector temperature=300 C


injection volume=2 microliters


splitless injection
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vent off at injection


vent on at 0.4 min. post injection


carrier gas type=helium


flow=30cm/sec.


chart speed


0.0-20.0 min=0.1 cm/min.


20.0-end=0.5 cm/min.


offset=10


attenuation=16


Samples are quantitated by comparison to a known


Aroclor, using an external standard calibration based


on peak height. Figures 5f 6, and 7 show capillary GC


tracings of 2 PPM standards of Aroclors 1242, 1254, and


1260.
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0.0000* 
0 .00000 
o.ttooo 
0.00000 
0.00000 
0.00000 

1.41000 
3.5MOO 
1.44000 
2.11000 
2.14000 
3.10000 
2.31000 
l.tlOOO 
2.5*000 
2.41000 
2.03000 
2.2*000 
2. 5* MO 

O.OMOO 
O.OMM 
0.00000 
O.MOOO 
O.OOOM 
0.00000 
O.OMOO 
0.00000 
1.00000 
1.00000 
O.OOOM 
O.OOMO 
0.0000* 

71.34 
71.11 

72
73

 0. 
 0. 

3
1
 « OM231 
 «. 00*117 

0.0000* 
O.OOOM 

1.45*00 
2.MMO 

O.tMM 
t.OMOt 

10.21 
M.44 
•1.27 
•1.47 
11 .«S 

74
75
7* 
77 
71 

 11. 
 0. 

7
0
1
*
«

 « 
0 
0 
* 

00531* 
00000* 
•00477 
0002*0 

 O.OMM* 

0.00000 
0.0000* 
0.00000 
0.0«M* 
O.OOMO 

l.OMOO 
3.320M 
1.4100* 
1.12MO 
J.430M 

O.OMOO 
O.OOOM 
*.*MM 
O.OMM 
t.MM* 

12.04 
12.17 
(2.31 
(2.71 
*3.*7 
(3.45 
13.13 
14.2* 
14.5* 
14.73 
15.15 
(5.27 
(5.7* 
M.4* 
17.2* 
17.51 

7* 
M 
•1 
•2 
(3 
(4 
(5 
M 
•7 
«• 
(> 

*• 11 
12 
13 
14 

2
2
0
«
4
2
«
0
0
«
7
*
«
0
3

 0. 
0 

OM1M 
*M22I 

 0.000*0* 
« 
• 

00135* 
000203 

 0.000113 
0 
0 

OOOOOO 
0000*0 

 O.OOOOM 
« 100000 

 0.00*371 
* •00*00 

 O.OOOOM 
 O.OOMM 
 O.OMltl 

0 OMMO 

O.OMM 
0.0400* 
O.OOOM 
0.00000 
0.00000 
0.00000 
O.OOOM 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
O.MOOO 
O.OOMO 
O.OMOO 
0.00000 

2.2MM 
1.74000 
1.130M 
1.430M 
1.70000 
2.31000 
2.1700* 
1.15000 
J.I 5000 
1.0*000 
1.27000 
1.400** 
).7(M* 
1.47M* 
1.450M 
l.**000 

• .MOM 
I.MOM 
*.M*M 
• .OOOM 
• .•MM 
I.OOOM 
O.tMM 
t.MM* 
0.00000 
O.OMM 
O.OMOO 
O.OMM 
O.MMO 
• .MOM 
«.MMO 
O.MOM 

M.13 
l«.3« 
11.41 
«*.*7 
•1.31 
• 1.44 
N.I* 
10.47 

(5
M
17
M
*»
100
1*1
1*2

 1. 
 «. 
 «. 
 «. 
 «. 
 0. 
 *. 
 *. 

0.000*2* 
* OOOOOO 
0.000000 
0 oooooo 
0.000000 
0.OOOOflO 
O.OOMM 
0. 0000*5 

O.OOMO 
O.OMOO 
•.00000 
0.00000 
O.OOOM 
O.OOMO 
o.oooo* 
0.00000 

1.51*00 
1.03000 
1.00000 
0.51000 
1.74000 
l.OMOO 
1.2(000 
1.14000 

0.0*M« 
O.OOOM 
O.MOM 
O.OMOO 
0.00000 
0.00000 
O.OMOO 
0.00000 

M.K 1*3 0. 0. OOOM* 0.00000 0.05000 0.00000 
11.3* 1*4 0. 0. •0*000 0.00000 0.11000 0.00000 
11.14 105 0. OM347 0.00000 1.04000 • .00000 n. n 0 0. OOOOOO O.OOOM 1.14000 O.OOOM 
14.4* 107 '. 0 0. 000000 0.00*00 1.40000 0.00000 
•5. (3 
«.** 

It* 
10*

0
 .0

 0. 
 0. 

OOOOOO 
oooooo 

O.OMM 
0.00000 

1.1200* 
1.53000 

O.OMOO 
I.OOOM 

M.K 
M.77 

110 
111 

0 0. 
0. 

oooooo 
OOMOO 

0.00000 
«. 00000 

1.220(0 
0.00000 

O.OOOM 
0.00000 

1M.M I.*. 2*5. IMT.ITB. 0.00000 1.00000 0.00000 
101.23 112 0. 0. oooooo 0.00000 1.42000 0.00000 
101.05 113 0. 0. oooooo 0.00000 1.02000 O.OOMO 
103.2* 114 0. 0. oooooo 0.00000 0.11000 O.OOOM 
105.42 115 0. 0. 000000 0.00000 1.07000 O.MOOO 
104. 7* 11* «. 0.00000* 0.00000 0.05000 0.00000 
114.24 117 0. 0.000000 0.00000 2.17000 0.00000 
122. K 110 t.O 0.000000 0.0*000 1.1*000 0.00000 

AJIT TOTAL > 1.M7442 



STCS004 ,3 ,1 ,A125  4 
Th« HCTHOO f l i  t u NOLE.STDS 

«£T. TIM MM RESPONSE rUNCTIOl 
*2'<JUI*A'2> • U'JWIA 

u u 
40. i* 1 2 2 0.000000 0.00000 0.00000 
4*. 74 2 0 0 0.000000 0.00000 77.4)000 
SO. 30 3 0 0 0.000000 0.00000 444.13002 
50.14 4 0 0 0.000000 0.00000 1)1. (4000

52. 3« 5 0 0 0.000000 0.00000 25.15000 
54.10 « 0 0 0.000000 0.00000 3.1)000

55.40 7 0 1 0.000407 0.00000 7.*1000

M.I] 0 0 1 0.002703 0.00000 5.4*000 
57.4* 0 0 0.000000 0.00000 7.22000
* 
57.71 10 0 1 0.000537 0.00000 1.72000

51.71 11 0 0 0.000000 0.00000 2.4*000

5f.ll 12 0 0 0.000000 0.00000 44. WOO 
5».4( 13 0.0 0.000000 0.00000 11. (1000

5».I2 14 1. 3 0.005*7* 0.00000 7.47000 
(0.03 IS 0.7 0.0027*2 0.00000 (.4*000

40. *» If 0.2 0.0004*0 0.00000 4.05000 
41.31 17 1.S 0.003203 0.00000 3.47000

42.1) 10 0. 0 0.000000 0.00000 4 . 40000

<2.4 I 1* 0.2 0.0005*4 0.00000 4.0)000

(2.73 20 0. 0 0.000000 0.00000 3.47000

42. l( 21 0.5 0.001013 0.00000 3.52000 
«3.1« 22 0.0 0.000000 0.00000 3. (7000

<3.(0 13 2.0 0.0052*0 0.00000 3.07000 
(1.70 24 2.5 0.00304* 0.00000 2.50000

(4.52 25 2. 4 0.00470* 0.00000 3.24000

44 . »» 2* 1.4 0.0017*3 0.00000 2.07000 
45.41 27 0.5 0.001342 0.00000 4.3(000

45.71 20 0.0 0.000000 0.00000 7.4(000

44.04 2* 0. 2 O.OOOtK 0.00000 1.0*000

44.37 30 0.0 0.000000 0.00000 4.34000

44.51 31 37. 7 0.113(17 0.00000 4.90000

44. »4 32 10.1 0.02445* 0.00000 3.0000 
47.20 33 1.7 0.0037** 0.00000 3.0000

(7.33 34 0'. > 0.00232* 0.00000 4.20000

47. 4« 35 1.( 0.002174 0.00000 2.11000 
(7.7( 3* 0.0 0.000000 0.00000 5. (700*

41.12 37 23.5 0.042*53 0.00000 l.*7000

41.41 30 2.5 0.00*01* 0.00000 3.*1000

(».l* 3* 11.5 0.013*5* 0.00000 1.J3000 
4».17 40 0.0 0.000000 0.00000 1.05000

(1.4* 41 0. 0.001572 0.00000 5.11000

**.(7 41 1. 0.0037*5 0.000*0 3.2200* 
70.01 43 0. O.OOOOM 0.00000 3. 45000

70.4* 44 0. 0.0004S7 0.00000 3.7100*

70.75 45 0. 0.001215 0.00000 3.2*0**

71.01 4* *. 0.0134*5 0.00000 2.4400*

71.34 47 )». 0.0(*700 0.00000 2.1(000

71 .»7 40 04. 0.125SSO 0.00000 2.42*00 
72.11 40 0. 0.01*3*0 0.00000 3.35000

71.7* 50 ». 0.015*75 0.0*00* 2.1)000

73.1» 51 42. O.MMS* 0.000*0 2. (40*0

7J. 4] 51 0. 0.000077 0.0*000 2.150*0 
7J.«2 53 •3. 0.21»3«1 0.00000 3.*000« 
74.01 54 34. 0.050013 0.0*000 2.77000

74.55 55 1. 7 0.0024*0 0.00*00 2.3*000

74.7* 5* 5. 1 0.01477* 0.00000 4.5)000

75.17 57 2t. 7 0.041401 0.00000 2.32000

75.41 50 02. 0. 070* 01 0.000*0 1.55000

75.7i 5* 14. 0.014077 0.00000 l.dOOO

74.02 «0 5. 0.011*0* 0.00000 3.50000

7«.J5 «1 171. 0.1725** 0.00000 1.44000 
74.40 42 0. 0.00155* 0.00000 2.11000

74. »l 43 14. 0.01*3*0 0.00000 2.14000 
77.43 (4 >. 0.017170 0.00000 3.1*000

77.71 45 14. 0.020*52 0.0000* 2.3*000

77. 7» (« 0. 0.000000 0.00000 1.0*0*0 
77. »4 47 0. 0.014027 0.00000 2.5*00* 
71. IS CO 0. 0.000000 0.00000 2.41000 
71.35 (* 1(1. 0.2017U 0.00000 2.030*0

71.77 70 Q 0.000421 0.00000 2.2*0**

71.13 71 »! 0.014K7 0.0000* 2.5*0**

7».4f 72 4. 0. (OS 2)7 0.00000 l.*5*M

7».»5 73 0. 0.01550* 0.00000 2.10000 
M.33 74 113. 0.07*3)0 0.00000 1.0*000

10.44 75 S3. 0.1004*4 0.00000 3. 3200*

11 .M 7( (. 0.0*07*3 0.00000 1.4)0*0 
11.52 77 21. 0. 015*2* 0.0000* 1.12*0*

11.45 70 0. 0.00000* 0.00000 ). 4)000

12. 0« 7» 0. 0.012400 0.00000 2.2(00* 
•>.!» M 7. 0.01315) 0.0*000 2.74*00 
02.31 01 0. 0.000000 0.00000 1.1)00*

12.71 01 13*. 0.13*120 0.00000 1.43000

().(* 0) 17. 0.11*413 0.0000* 1.70*00 
13.5* 04 0. 0.01222* 0.00000 2.3100*

U.M 05 1. 0.0*173* 0.000*1 2.1700* 
14. It N 0. 0. 0000*0 0.00000 1.15*00 
14.50 07 0. 0.00000* 0.0000* 3. ISM*

04.7* 00 4. 0.00405* 0.0*0*0 l.KOM

05.17 Ot 32. 0.0254*0 0.0000* 1.27*00

15.27 M 0. 0. 00*00* 0.0000* 1.400**

05.01 »1 5. 0.0122*4 0.0*0*0 3. 7* (00

N.41 *2 0. O.OOOT24 «.**000 1.47M*

17.04 03 (. 0.0*544) 0.00000 1.4SM*

17. M *4 3. 0. 004071 0.00000 1.1*0** 
00.07 »S 23. 0.022702 0.000*0 1.5*0**

10.30 N 0. 0.0*0000 0.00000 1.030**

10. 5* »7 4. 0.002515 0.00000 1.00000 
00.07 M 0. 0.000210 0.00000 0.5*0*0

0».J1 »» 0. o o*M(Mo 0.0000* 1.74000 
0».?2 100 1. 0*.0011S7 0.00*0* 1.0*000 
H.l* 101 0. 0.***•*• 0.0000* 1.2*00* 
N.S1 102 IS. 0.010*45 0.00000 1.1400* 
»1.00 103 0. o.tooios 0.00000 o.tsooo

»1.44 104 0. O.M02M 0.00000 0.01000

»2.13 10S 0. 0.000512 0.00000 1.04000

»).»* 10* 11. 0.00*1)0 0.00*00 1.14000 
H.47 107 2. 0.0020*0 0.0000* 1.400**

*S.(t 100 0. 0.0*02*7 0.00000 1.12000 
N.02 10* 0. 0.000047 0.00000 1.5)000

H.O* 110 1. 0.00*751 0.00000 1.22000 
M.04 111 0. 0.000141 0.00000 o.toooo


100.00 I.t. 1*0. in.tTD. 0.00000 1.00000

101.34 112 0. 0.000)3* o.oooo* 1.4200*

101.05 113 0. 0.000000 0.00000 1.02000

103.2* 114 0. 0.000000 0.000*0 O.»1000

105.50 115 0. O.OOOS27 0.000*0 1.07000

10*. 7t 11* 0. 0.000000 0.00000 0.15000 
114.24 117 0. 0.000000 0.00000 l.*7000

122. »0 11* 0. 0.0*0000 0.00000 1.1*000 

M 
0.00000

0.00000

0.00000

0.0000*

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.000*0

0.00000

0.00000

0.00000

0.0*0*0

0.00000

0.00000

1.00000

0.000*0

0.000**

*• 000*0
(1(0*4* 
0.000**

(.0*0*0

(.00000

0.00***

«. 00*00 
0.00000

0.0000*

0.00000

0.00000

0.00000

0.000*0

0.00*0*

0.00000

0.00000

0.00000

0.00000

(.000*0

t. 00000 
0.00000

0.000*0

0.00000

0.00*00

0.0000*

t.OOM* 
0.00***
*.**«•• 
4. MOM 
(.MM* 
*!oO*M
«.*«••* 
*.»«••« 
«.00*M

0.0000*

0.00000

0.0****

(.OOOM 
0.00***

0.00*0*

O.OOM* 
(.(MM
*.(*•*• 
0.0000*

*.**•*• 
0. 00000 
0.00000

«. 00000 
0.00000

0.00000

0.0*000

0.00000

0.000*0

0.00000

O.OOM* 
0.00000

(.00000

0.00000

0.00000

0.00*00

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000


AMT TOTAL - 3.00)4*5 



STCS001,3 ,1 ,A12S O 
Th< NETHOO [lit It NOLE.STDS 

UT. TIM NAME (ESPOUSE FUNCTION 
*2«<AMA'2> 

u 

0.0
0.0
0.0
0.0
0.2
0.0
0.0
0.0
0.0
1.2
0.1
0.0
0.01.2

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00*00 
0.00000 
0.00*0* 
0.00000 
O.OOOM 
0.00000 
0.00*0* 
0.00000
o.ooo** 
4.00000 
0.00*00 
0.0*000 
0.0*000 
O.OOOM 
O.MMO 
0.00*00 
0.00*00 
O.MOM 
0.00*00 
O.OMM 
0.00000 
0.00000 
4. MOM 
O.OOMO 
O.MMO 
O.OMM 
O.OMM 
O.OOMO 
O.OMM 
O.OMM 
O.IMM 
O.OOMO 
O.OMM 
O.OOOM 
O.OOM* 
O.OOOM 
O.OOOM 
O.OMM 
O.OMM 
O.OOM* 
O.OMM 
O.OMM 
O.OMM 
O.OMM 
O.OMM 
O.OOM* 
O.OOMO 
O.OMM 
0.*MM 
O.OOM* 
O.MOOO 
O.OOMO 
O.OMM 
O.OMM 
0.0*000 
O.MOOO 
O.OMM 
O.OM** 
O.MOM 
O.OMM 
O.MOOO 
O.OMM 
O.MOM 
O.OMM 
O.OOMO 
O.OMOO 
O.OOMO 
O.OMM 
0.0000* 
0.00000 
0.00000 
0.00000 

40.4* 
44.74 
St. 30 
50.42 
52.34 
54.10 
55.43 
54.12 
57.44 
57. 7J 
SI. 71 
5J.1I 
5*. 4* 
5J.7J 
5».»» 
(0.71 
41.33 
42.13 
(2.31 
42.73 
»2.»5 
43. 1< 
43.14 
43. ft 
44.47 
45.14 
45.44 
45.71 
(4.04 
44.37 
44.5* 
44. »2 
47.1* 
47.32 
47.43 
47.71 
4«.10 
40.37 
f».OS 
*».17 
4».41 
4I.«3 
70.07 
70.40 
70.73 
71.0S 
71.2* 
71.45 
72.11 
72. 7S 
73.14 
73.40 
73.40 
73.M 
74.SS 
74.71 
75.12 
75.45 
7S.71 
75.H 
74. JO 
74. JO 
74. »4 
77.40 
77. M 
77.7* 
77. »1 
70.19 
71.25 
70.45 
7*.10 
71.41 
7».N 
00.20 
00.44 01. a 
01.4* 
11.f5 
Ol.OS 
(2.11 
02.31 
•2.72 
03.03 
01.42 
t3. n 
04.22 
04. SO 
04.7)
05.10 
05.27 
•5.74 
04.40 
04.W 
07.S1 
00.05 
00.10 
00.4* 
00.07 
M.31 
I*. 44 
M.U 
If. 44 
M.05 
*1.3» 
*2.0C 
fl.tl 
M.40 
»5.43 
H.M 
M.M 
M.77 

100.00 
101.2) 
101. OS 
10).M 
10S.42 
1H.7» 
114.24 
122. N 

1 
0 
0. 
0. 
0. 
0. 
0. 
0 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

1
0
0
0
0
0
0
0
0
0
0
0
0
0

 0.000000 
 0.000000 
 0.000000 
 0.000000 
 0.000000 
 0.000000 
 0.000000 
 0.000000 
 0.000000 
 0.000000 
 0.000000 
 0.000000 
 0.000000 
 0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

 0.000000 
 0.000000 
 0.000000 
 0.000000 
 0.000300 
 0.000000 
 0.000000 
 0.000000 
 0.000000 
 0.004247 
 0.000247 
 0.000000 
 0.000000 
 0.001*25 
 0.000000 
 0.0000*2 
 0.000000 
 0.000420 
 0.000000 
 0.000742 
 0.000000 
 0.000000 
 0.000000 
 0.000000 
 0.0003S4 
 0.00124S 
 0.030*10 
 0.0004M 
 0.00020S 
 0.004131 
 0.000000 
 0.044442 
 0.00120* 
 0.000000 
 0.000000 
 0.001315 
 0.0050(2 
 0.0004X7 
 0.0241*2 
 0.014443  o.oooooo 
 0.000311 
 0.075142 
 0.015027 
 0.0113*4 
 0.000000 
 0.000000 
 0.12*055 
 0.000000 
 0.005751 
 0.002014 
 0.02174) 

0.000000 
0.371773 
O.OOOOM 
0.03(345 
0.035347 
0.000000 
O.OOOON 
0.007217 
0.17*2** 
0.015052 
0.0020SO 
0.014*4* 
0.00000) 
O.OOS02* 
0.0*0507 
0.000000 
0.054200 
0.0070H 
0.0122*1 
0.07)0)* 
0.044441 
4.030*25 
0.0024*7 
0.000*00 
0.000771 
0.003442 
0.01*372 
O.OOOOM 
0.235*24 
O.OOS24)
0.001*** 
0.003472 
0.073)01 
0.01747* 
0.0000*0 
0.035S32 
0.044535 
0.00154* 
IHT.ETD. 
0.01741* 
0.000444 
0.000520 
0.033177 
0.001110 
0.014010 
0.000000 

u 
0.00000 

77.43000 
44*. 13002 
131.44000 
35.15000 
3.13000 
7.*1000 
5.4*000 
7.22000 
1.72000 
2.40000 

40.*>000 
11.41000 

7.47000 
4.40000 
4.0SOOO 
3.47000 
4.40000 
4.13000 
3.47000 
3.52000 
3.17000 
3.07000 
2.50000 
3.24000 
2.07000 
4.3*000 
7.4(000 
0.0*000 
4.34000 
4.JOOOO 
3.40000 
3. (3000 
4.20000 
2.21000 
S. 07000 
2.17000 
3.»1000 
l.*3000 
2.0SOOO 
5.110M 
3.22000 
3.45000 
3.710*0 
3.2*000 
2.440*0 
2. MOM 
2.42000 
3.35000 
2.13000 
2.I4M* 
2.05*0* 
3. MM* 
2.77MO 
2.3MM 
4.53000 
2.32000 
l.SSMO 
1.41000 
3.5*000 
1.44000 
2. (1000 
2.14000 
3.10000 
2.3*000 
l.tMOO 
2.SMM 
2.41000 
2.0)00* 
2.2MM 
2.540M 
1.ISOM 
2.MMO 
1.0*000 
3.320M 
1.43000 
1.120M 
J.430M 
2.2MM 
2.74M* 
1.13004 
1.43000 
1.7MM 
2.31000 
2.17000 
1.1 5000 
3.15000 
l.OMOO 
1.27MO 
1 .1000* 
J.7400* 
1.47M* 
1.450M 
l.OMM 
1.5MM 
l.OMM 
1 .MOOO 
0.5*000 
1.740M 
l.MOOO 
1.2* MO 
1.140M 
0.05000 
O.UM* 
1.04000 
1.14*00 
1.4MO* 
1.120M 
1.5)000 
1.22000 
0.10000 
l.MOM 
1.42000 
1.020M 
*.*1*M 
1.07000 
0.15000 
2.»7000 
1.1*000 

M 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.0000* 
0.00000 
O.OOOM 
0.00000 
0.00000 
O.OMM 
0.00000 
0.00000 
O.OMM 
O.OOMO 
O.OMOO 
O.OOM* 
O.OOMO 
O.OM** 
O.MM* 
O.OOMO 
O.OMM 
O.OMM 
O.OOOM 
O.OMM 
O.OMM 
O.OMM 
O.OOOM 
0.000*0 
O.OOMO 
O.OOOM 
O.OOOM 
O.OOOM 
O.OOOM 
O.OOMO 
O.OOMO 
0.00000 
O.MOM 
O.OMM 
O.OMOO 
O.OMM 
O.OMM 
O.OMM 
O.OMM 
O.OMM 
O.OOOM 
O.OMM 
O.OMM 
O.OOOM 
O.OMM 
O.OM** 
O.OMM 
O.MM* 
O.OOOM 
O.OMM 
0.00000 
O.OMM 
O.OOM* 
O.OMM 
O.OMM 
O.tMM 
O.MM* 
0 tiMHO 
*!*MM 
O.OOOM 
O.OM** 
t.OMM 
O.OMOO 
0.00000 
O.OMOO 
O.MMO 
t.MOM 
O.OMM 
(.MM* 
O.OMOO 
O.OMM 
O.OOM* 
0.00000 
O.OOOM 
0.00000 
O.OOOM 
0.00000 
0.0000* 
0.00000 
0.00000 
0.00000 
0.00000 

10 
11 
12 
13 
14 
IS 
14 
17 
10 
1* 
20 
21 
22 
23 
24 
25 
24 
27 
20 
29 
30 
31 
32 
33 
34 
35 
34 
37 
30 
3* 
40 
41 
42 
4) 
44 
45 
44 
47 
40 
4* 
SO 
SI 
52 
S) 
54 
SS 
M 
57 
SO 
st 
(0
fl 
(2 
«) 
(4 
45 
«« 
47 
(0 
4» 
70 
71 
72 
73 
74 
75 
74 
77 
71 
7* 
(• 
01 
(2 
0) 
04 
OS 
M 
07 
00 
0* 
N 
01 
M 
»)
14 
n 
M 
*7 
M 
»» 
100 
101 
102 
10) 
104 
10S 
lfl« 
107 
100 
10* 
110 
111 
1.0. 
112 
11) 
114 
115 
11* 
117 
110 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

17. 
0. 
0. 
3. 
0. 

24. 
0. 
0. 
0. 
0. 
4. 
0. 
». 

14. 
0. 
0. 

3). 
0. 
0. 
0. 
0. 

07. 
0. 
3. 
1. 

10. 
0. 

1S4. 
0. 

47. 
14. 
0. 
0. 
0. 

ISO. 
12. 
1. 
>. 
0. 
2. 

72. 
0. 

40. 
2. 

11. 
4». 
12. 
20. 
3. 
0. 
1. 
2. 

12. 
0. 

204. 
g^ 

3. 
4. 

It. 
17. 
0. 

32. 
50. 
2. 

123. 
14. 
0. 
0. 

45. 
1. 

0
4
0
3
0
2
0
0
0
0
2
f
•
2
1
2
0
1
I
0
0
»
5
4
3
0g
2
4
7
I
»
»
1
»
1
5
7

4.S 
o.c 

AKT TOTAL • l.*24310 
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